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I. INTRODUCTION 


_—— =e ae ap ee ae 


A. OBJECTIVE 


The objective of this study is to investigate the 


ct 


operation of an analoq multiplexer when used to generate 
COBpOS:-¢ amplitude-shitf+ keying (ASK) and phase-shift 


keying (PSK) carriers, sometimes called quadrature amplitude 


modulated (QAM) carriers, when “he message is digital data. 


The analog aulticlexer modulator is a simple Yee? & o wiNen 
uses inexpensive componencs. Tits e2ecuit eal so has’ othe 
potential of improving the noise performance of digital 
commun ication systeans DY convenienczly allowing he 


@aefenea-2er of a Variaty of modulacion formats. 


By 3 ACK GROUND 
Digital communication systems assume increasing 


Betamice as the use of digital systems expands. As the 


j+- 
|=] 
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mumbst of installed or planned digital systems increases, 
She GoSse GCs is@ividual components and ths pexformance of the 


Ssystem@ become increasingly inpor<an“. 
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modulation scheme determines tha decision regions the 


—— 


receiver aust resolve. The simplest modulation scheme is 
BEme@ry in which one of two possible signals is «ransmicted 
Sus2mg each signaling interval. Higher data rates can be 


Benegewed OFVEr a chanre!1 of limited bandwidth a+ the expense 
Sieencs-eoe0 Slans&i=ter power by increasing =he number of 
possible signals. Inan M-ary scheme one of M possible 
Si@mews ist®rans@it+2i during each signaling interval. Each 


@f =he ™ possible signals represents a combination of N data 


iD 


Se 
Mj a : : , : 
Bics @nere = 2”. Each possible signal 1s a symbol in the 


Wary @2sSacge anc is uniquely identifiable by its amplitude 
@nd phas] combination. 

S¥pice] Meaty sodulation schemes <“*ransmit particular 
modulaced carriers such as quadrature phase shift keying, 
S-chase shif*+ keying, and 1l6-level composite amplitude and 
Saetee Shatt Keying (Ref. 1}. An @2xample of an M-ary scheme 
ememe §GOMpOsite ASK and PSK scheme in which “he carrier 
amplitudes may be Aor 2A and che phase nay be 9° or 1809. 


Four oossible symbols aay be <“«*ransmitted each of which 


Te@pesents =wo data bits. Pegquce . le) vsatine Dicck dzagzran 
Semeetlene 2 Ciga— 4. modulator. Mh 2s pues 2S Wa daca Sea 220; 
Spe oMeots 2S a modula-ei sinusoid. The coding scheme is 
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the truth table in Fig. 1.2 is used for his 
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examples. Given this coding scheme and the data stream d (+) 
te eg. 1.2, the modulator generates the voltage wave‘forn 
wee) ih Fag. 1.2. Peeguee eo 25 che Circuit diagram of a 


Boma, 2Z-agpliitude Jiigital nodulator. 





Piguzre 1.1. 2-Phase, 2-Amplitude Digital Modulator Block 
Diagram 
The typical medulation schemes nay not be cptinun. The 
Bodula=o& in this study permits the transmission of a 


Gerezee Having aneatbitrary ASK and PSK format. Us¢ of this 


Meaibetor Poems =he exoeriwmental investiqation of the 
met6@= SCee=-ot@ancs of any types of ASK, PSK, Sr comb ned 
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Pig. 1.3. 2-Phase, 2~Amplitude Modulator Circuit Diagran 


GG. S@MSARY OF RESULTS 

me Cemelusion from this study is «that the analog 
Balitineerer is stitabls fer use as a modulator. These 
modulatozs allow «the <‘«ransmitted phasors +0 be placed 


eipastanii,y. Mee Q@hodulators are sifsle circuits using 


Pee SGtowkrg chac==rs of this report deal with the 
SWi=iplexer, “he aoduliatecr, and the experinental method. 


Speer §8  *Ss an 2Xamination of the analeg snultiplexer. 
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Giewee= I7f desctibes moculatozrs using analog nultiplex 


j=] “GM ScE2beS ehpizcude nodulacors, oshase modulators, and 
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Ehe most gensral 


81 phasors 
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described can 
chosen. Grape es iy 
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composite amplitude? and ohase nodulators. 
*lansmit 


godmlator circ: 
8 may be 
Chapter V contains 


aEDEecEaerily 
cribes the system and methods used to test the modulators 


fron which 


+hese tests. 


tn 


er) 


e 
results oz 


and gives the 
the conclusions and suggests further studies. 
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ANALOG MULTIPLEXER 


The analog multiplexer used in this investigation is «he 
4051. No attemot is madé¢ to compare its performance with 


other aultiplexers. Riese chapter conside:s he sultans iit 


< 


Smeeeme 2nalog multiplexer as a modulator. The first section 
discusses required characteristics and the second section 
the gweasured performance of this specific aultiplexer. The 
Smmeeclic=en is that -he 4051 is a suitable device at the 


Caeser frequency and asKeeCn 1 1g Taztes used jn “has 


Re PSQUTRED CHARACTER ISTICS 
Pre Meawue cequirements for a multiplexer ‘*o funcszion 


nodulator are negligible 


5v 
QO 
fu 
1 
{ 
1 
@ 
4 


Sav2S8acteriily as 
@@oeecwee distortion, negligible phase shift, negligible OFF 
Gercseat, Un2fcrm switch characteris«ics, a cas. °switcning 
Gapabilicy, and negligible undesirable transients. 


a 


Mmpeeteice distortren is a Eunction of the ON resistanc 


iD 


(Qu 


ot the switch. I <=he ON resistance varies with «he applic 
Meee dic, wac Swatch wili distort an aoplied sinusoid. a ome! 


Gipeua. =ha= sufi sinuscids the effects cf such amplitude 
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G@pscottion will appear at the output of the amplitude ard 


fu 
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Dhase detectors as inc 
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ea O2s°o, The ON resistance of a 


Wi 


= 


Gawen s#¥izcch should be constant for the range of applied 


| 4+ 


voltages. Gareuis adjustient Will beysiaplified if the set 
Or switches aiso has uniform ON resistance. 


Negligible phase shift in the multiplexer is essential 


> 


i ~hes phase aoduiator circuit+. Since the switches in the 
ametog Multiplexer are electronic, there is potential for 
peeeee omatke «through the integrated circuic. Phaseusaitt 
Meee Dee Megiitgeable if it is constant regardless of the 


applied voltage at «ha frequency used. Phase shif* should 


The OFF current aust be low since any leakage will 
@pipeer as a ohase shitt when summed with another sinusoid. 

Tie sm@toch muss b= fast enough that the sinusoidal 
Gameever Gain oe switched at the data rate. 

Jndesic2zbl2 tramsinents must be removable by filtering 


Umm mibeectong Bhe information content of the signal. 


TRS Waetonal Semiconductor Analog Integrated Circuits 
mental advertises the 4051 as havin low ON syresistance, 


typically about 30 oh@s, with the switches macched *0 adou* 
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Ohms [Ref. 2}. The OBE tesistance ~is claimed 
leakage currents typically 5S pA. 


with input 
Mims £°GE control input <«o signal output is 
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SOO ns and 
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@PSaut is *ypically 550 ns. 

eable with binaty address decoding on the chip. 
tested in detail in 


comp 
POus S¥reches of a 4051, 
GWeieesistanecss in Fig. 2.2. 


Dg. 2.1, showed the 
Beeisgtance varics less *han three ohms for 
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amplitude 


Sm Mvar= ator, 
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KHZ es 2onal 


dynamic @display of a Lissajous 
seroma 4051 with seven inputs grounded and a 30 
Bpoiied «o the other. RMS Veet eeu ing ea=22 15 07 Kaz. FOC 
the purposes cf this modulator, she phase shift across a 
be considered to be zero radians. 
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Page 2.1. ON RieSistainc]e Test Circuit 


isclated. bens 2.7 15 Y, 30 KEZ Sinusoid apolied =o all 
eee Smeets and!’ with she chip INHZT2IT low, the output 
SeeOse 4 1063 ohm resistor is 3.628 V. Weeh eo one. LNAGsTT 
Rige £h= owtput 2s 9.31 mV. By. ‘Caren Yerseleerng = ane 
Mee amid OWT Circults, ‘this leakage can be reduced to 
fess ehan 0.2 b/. Tt is important that this leakage be low 


met © VevweaeCudwes that follow. 

@me =arn-oOn and <urn-off times as Controlled by the chip 
INHIBIT are 500 ans and 600 ns respectively. 

Some transients were observed at the switching cinss. 
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Tees Save Cl an analog multiplexer as a digital 


mcculator lies in its ability to select rapidly among 


BE €-Sict Signals. This chapter describes Swatching 
moculators for M-ary  odhase, amplitude, and composite 
phase-ampliztude systens. Mae Last see- Yon describes a 


Geme-a! amatog multiplexer modulator which can generate up 
<0 81 points on the phase plane from which any sight may be 


ly using 44-bit control codes on the 
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hase modulation with an analog multiplexer involves the 


@Meertien or cme of a2 set Of Sinuso@ds with predeterni ned 
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Bed@earor which @®ay transmit any of four sinusoids as 


Selected by the combination of data bits. The use of a 
Single low-cos= integrated circuit as a modulater is an 


cbvious advantage over more comolex circuits. iS 2okeels 7 
Bom@e--=2-f 2nd Cen ~=9l vrecisely che phase Shift circuits is 
also advan caceous. A disadvantage of discrete ohase 


Sw@esc@ing is the phase discontinuity at switching time. 
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Pig. 3.1. Phase Modulator Block Diagraa 


The performance 9£ a 4-odhase mnecdulacor is shown in 
Weg. 3.2 though Fig. 3.4. Peewee cis cmmanOtogranph of 
ehe DYeou~ Of a S=phase godulatsr with a 30 kHz carrier and 
Gata s@ztchninc @t 5705 Hz. Pogo 25  Memoho*ograoh of 
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“ne 16 times o¢ne@eded display of < 


Me Bee Cee OTF Fs5g. 2.2. Bis seapowen] Nase -emoved by a 
bene@pass’ ileter. Pigure 3.4 is *he output Gof a 4-phase 
Seen oreware a 30 KHz Carrier anda 10 KHZ switching tate 
Shown woth the data ciock supderimocsed. The phase 


eeetemieeomsS 222 feped wich negligible distor*ion. 
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SB. AMPLITUDE NODULATOR 


Amplitude moduiaticn may also be dona simply with an 


analog multiplexer. In this case we select a predetermined 
Woltege di¥wWider (Fig. 3.5). The @déta 522s select che 


Fesarstc=s sheeh, with 2, |esitteblishes the output ampli«ud¢. 
The performance 29F a U-amplitude modulator is shown in 


eo. 366 atid’ Gig. 3.7. Maeve miCBanestonm oes: Of Fig. 3.6 


Geese] <treq@@emcysis 30 KHz and ‘the switching tate is 9 kHz 
sce wea. 3.6 and 1 kHz doy eek Gy og te The ampli-ude 


Sua@meteiwens are rapid with negligible distortion. 
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Pigs 3.7. Sramplitude Modulator Output 


S. COmrPes I7G ABELITUD # AND OCHASE MODULATORS 

Composizt2> aaplitude and phase modulation with analog 
multiplexers car be done many ways. One way is to select 
ageong simusoids of pre-set phase and amplitud= as in the 
phase acdulator described above. This, boweverp. 2-5 t2ther 


Testo iceive. Tmo Wot i pvexers in combination provide nore 


compin2s «he phase ra "anpasrude f{yser2ons. hice S 
Be-amgsment amy of Foutz amplitudes at any of four phase 
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The modulators déscribed earlier have limited 
BecByb- lazy tn phasor slacement. DNGCrEGmes ANOTHEE Class Of 
analog multiplexer modulators Shee gives greater 
Fiveset bility. Piggies 3.12 is «he block diagram of <his 


general analog multiolexer modulator. 


Tye Gemerzal 2znalog multiplexer modulator outpu« is 


Lhe Stim of two sinusoids. The data inputs are the address 
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The circuit of one implementation of the general 
analog multiplexer modulator is shown in Fig. 3.14. The 
experimental circuit was aligned for a 4Y-phase, 4-amplicude 
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Pigure 3.15. General Analog Multiplexer Modulator Output - 
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Figure 3.16. General Analog Multiplexer Modulator Output - 
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is 2p eReeNTAL METHOD 


Both “he 4Y-pnase, 4Y-amvolitude modulator and the general 
amelog aultiplexer modulator wears built and tested. The 
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MPEMENTAL PROCEDURE 


Phe Objective of the experinental vrocsdure was to 
Prcauce CuEWwesS Of the probability of error versus signal <«o 
Memese “LEAL O Over 2 probability of error range of about 107-2 
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